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Abstract

Objective: To examine the relation between breast cancer risk and job history among women 20–44 years of age who
participated in a multi-center, population-based, case–control study.
Methods: Participants consisted of women newly diagnosed with breast cancer (1642) and controls identified by
random-digit dialing (1494). Details about the three longest jobs were collected and coded by an industrial hygienist.
Odds ratios and 95% confidence intervals were calculated and adjusted for age, study site, and other breast cancer
risk factors.
Results: Several occupational and industrial categories were found to influence breast cancer risk. Stratification of
the study population by parity revealed differences in breast cancer risk between the two groups for several
occupational categories, including teachers, librarians or counselors (increased risk only among parous women) and
natural scientists and mathematicians (decreased risk only among nulliparous women).
Conclusions: This is among the first population-based case–control studies to examine occupational history and
breast cancer risk in young women, with the ability to consider a wide array of potential confounders, including
reproductive characteristics. This study provides further evidence of an increased breast cancer risk for several
occupations and industries. Other findings were not as strongly supported by previous investigations.

Introduction

Migration studies suggest that a woman’s environmental
exposures may influence her risk of breast cancer [1].
Such exposures may include those received while at
work. In 2001, women comprised 47% of the employed
US workforce, and almost three quarters of women
between the ages of 20 and 45 were employed [2],

making it important to consider occupational exposures
as potential breast cancer risk factors.
Occupational exposures have been studied less thor-

oughly than other potential risk factors for breast
cancer, so examination of occupation in relation to
breast cancer risk provides an opportunity to identify
potential sources of exposures not regularly considered
or investigated. The workplace can expose women to
chemical, biological, or physical agents that could
influence breast cancer risk. Women who work in
manufacturing, chemical and pharmaceutical industries
may be exposed to chemical solvents [3]. Health care
professionals, including physicians and nurses, may be
exposed to chemotherapeutic agents, various chemicals,
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and ionizing radiation [4]. Electromagnetic field (EMF)
exposure has been examined as a possible risk factor,
and women with occupations in the electrical and
electronics industries as well as occupations requiring
extensive use of computers may be exposed to EMF [5].
Further, jobs that require higher levels of physical
activity have been proposed to decrease breast cancer
risk [6, 7].
Currently, there is no strong evidence that any

particular occupation influences breast cancer risk [8].
Occupations that have been adversely linked to breast
cancer risk include teachers, chemists, health care
workers, as well as professional and technical occupa-
tions, although the evidence is inconsistent [3]. The
elevated risk among women employed in these occupa-
tions has often been attributed to reproductive charac-
teristics such as delayed childbirth, reduced number of
children or little or no breastfeeding. However, several
of these professions (e.g., chemists and health care
professionals), as well as others (e.g., cosmetologists),
may involve exposure to chemicals that are potential
breast carcinogens [4]. Relatively few comprehensive
studies of job history and breast cancer have been
conducted. Using detailed information on the three
longest held occupations and their corresponding in-
dustries, which can indicate potential occupational
exposures, this relation was examined among young
women who participated in a multi-center, population-
based, breast cancer case–control study.

Materials and methods

The methods of this study have been described previ-
ously [9]. The main objectives of the Women’s Interview
Study of Health were to investigate the relation of breast
cancer in women under the age of 45 with oral
contraceptive use, alcohol consumption, diet, and other
characteristics. In brief, study participants were identi-
fied in three geographic regions (Atlanta, GA; Seattle,
WA; and central NJ) between May 1, 1990 and
December 31, 1992. Cases were 20–44 newly diagnosed
with breast cancer. Controls, identified through ran-
dom-digit dialing (RDD) [10], were women who had
never been diagnosed with breast cancer, frequency
matched to the anticipated age distribution of cases by
five-year age group and study site.
Structured in-person interviews were completed by

1642 cases (84.4%) and 1496 controls (78.2%). The
overall control response rate (product of RDD screener
and interview response rates) was 70.8%. Subject refusal
was the main reason women did not complete the
interview (6.6% for cases and 12.9% for controls);

physician refusal accounted for 5.8% of case non-
participation. This study was approved by the institu-
tional review board at each of the participating
institutions and signed informed consent was obtained
from all study participants. The interview included
questions on demographic factors, reproductive and
menstrual history, contraceptive behavior, use of exog-
enous hormones, medical history, body size and physical
activity, diet, alcohol consumption, smoking, and family
history of cancer. The relation between many of these
factors and breast cancer risk has already been exam-
ined. Oral contraceptive users and alcohol drinkers as
well as women who had a late age at first birth, an early
age at menarche, an induced abortion, a previous breast
biopsy, a first degree relative with breast cancer, or a low
BMI were found to be at increased breast cancer risk [9,
11–16]. However, waist to hip ratio, cigarette smoking,
miscarriages, electric blanket use, and recreational
exercise were not found to be positively associated with
breast cancer risk [9, 12, 17–19].
During the interview, an occupational history of the

three jobs held for the longest time was obtained; all
reported jobs had to have been held for six months or
longer. Details collected on each job included the
position title, usual activities or duties performed, what
the company made or did, the start year, and the total
number of years of employment. Using this information,
a trained industrial hygienist assigned industry and
occupation codes according to the 1987 Standard
Industrial Code (SIC) [20] and 1980 Standard Occupa-
tional Code (SOC) [21]. The detailed SIC and SOC
codes were then grouped according to their overriding
classifications. Twenty-four women reported that they
were never employed for at least six months and none of
the participants reported having been a housewife as any
of their three longest held jobs. Two control women
refused to provide information about their occupational
history leaving 1494 controls and 1642 cases for
inclusion in the analyses.
Duration of work in a particular occupation or

industry was categorized as never, less than five years,
or fiveþ years. Latency, the number of years that elapsed
between starting work in an occupation or industry and
the reference date (the date of diagnosis for cases, and the
date of RDD telephone screening for controls) was
categorized as never, less than 10 years, or 10+ years.
Odds ratios (ORs) and 95% confidence intervals (CIs)

were calculated using unconditional logistic regression
[22]. To estimate the associated breast cancer risk for
each occupation, we considered women who had never
held that job as unexposed. Similarly, to estimate the
risk associated with working in a particular industry, we
considered women who had never worked in that
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industry as unexposed. All logistic regression models
were adjusted for the frequency matching variables (age
and geographic site). The following covariates were
considered as potential confounders: menopausal status;
age at menarche; age at first birth; number of live births;
ever breast fed; level of education; marital status; race;
body mass index (BMI, weight in kilograms/height in
meters squared); ever use of oral contraceptives; smok-
ing history; usual alcohol use; average lifetime weekly
recreational physical activity; history of breast biopsy;
and family history of breast cancer. Of these factors, age
at first birth, number of live births, and level of
education were retained since their inclusion resulted
in the most parsimoniously adjusted model relative to
the age- and geographic site adjusted models. To avoid
unstable and uninformative estimates of association,
ORs were only calculated for an individual job or
industry category if at least 10 cases and 10 controls
reported working in the category. Tests for trend in
duration and latency were conducted if successive levels
were increasing or decreasing. Presence of a trend was
determined by examining the statistical significance of a
categorical variable with the values of 0,1,2 indicating
the level of duration (never, <5 years, 5þ years) or
latency (never, <10 years, 10þ years).

Results

The number of jobs reported by each woman (v2¼ 3.2,
p ¼ 0:4) and employment duration (14.1 versus
13.6 years, p ¼ 0:05) did not differ by case–control
status. However, parous case women started working
before having their first child more often than parous
controls (75.7 versus 70.2%, v2¼ 9.3, p < 0.01). Similar
proportions of cases and controls reported having held
only one job (19.7 and 21.6%) while less than one
percent of each group reported never having been
employed for at least six months. The most frequently
held occupations among cases and controls, respectively
were: service (24.8 and 29.2%); marketing and sales (23.6
and 22.3%); executive, administrative and managerial
(20.5 and 20.1%); teachers, librarians and counselors
(17.6 and 14.5%); and secretaries, stenographers and
typists (17.3 and 15.4%). Industries commonly worked
in by cases and controls, respectively were: finance,
insurance and real estate (21.6 and 20.0%); services
industry: educational services (21.2 and 20.1%); services
industry: health services (20.0 and 22.0%); and retail
industry: eating and drinking places (11.3 and 12.8%).
The estimates of association for the majority of

occupations examined were not substantially different
from one (Table 1). Two occupational categories, han-

dlers, equipment cleaners, helpers and laborers and
computer and peripheral equipment operators, were
suggestive of an increased risk with ORs greater than
1.5; however as evidenced by the wide CI, the estimates
were unstable. The occupation group, teacher, librarian
or counselor had a weaker, but positive association with
borderline significance (OR¼ 1.3, 95% CI: 1.0, 1.6).
Several occupations were suggestive of decreased risk
with unstable estimates of effect of less than or equal to
0.7. Among these occupations with the strongest inverse
association, only the estimate for writers, artists, enter-
tainers or athletes approached statistical significance
(OR¼ 0.7, 95% CI: 0.5, 1.0).
For women who were or adjusters, investigators or

collectors increased breast cancer risk was only associ-
ated with having worked in this occupation for less than
five years or having started 10 or more years prior to
reference date. Teachers, librarians or counselors who
worked for shorter, but not longer, periods of employ-
ment were at significantly increased risk (OR¼ 1.6, 95%
CI: 1.2, 2.2); breast cancer risk did differ when examined
by latency. Both production work and material recording,
scheduling, and distributing clerks were suggestive of an
increased breast cancer risk for women employed in
these occupations for longer, but not shorter durations.
Employment in the latter category was also suggestive of
an increased risk if work started 10 or more years prior
to reference date. A similar latency pattern was observed
for the social scientist, social worker, religious worker, or
lawyer category. The suggested decreased breast cancer
risk for writers, artists, entertainers and athletes became
more pronounced for women who only held these jobs
less than five years (OR¼ 0.4, 95% CI: 0.2, 0.8). A
difference in breast cancer risk according to latency was
observed for health technologists and technicians with
increased risk associated with starting work closer to but
not farther from reference date.
Stratification of the study population by parity

revealed differences in breast cancer risk between the
two groups for several occupational categories (Ta-
ble 2). Nulliparous women who were natural scientists
and mathematicians were at decreased risk (OR¼ 0.4,
95% CI: 0.2, 0.9) while parous women employed in this
category were not. Increased risk was suggested among
nulliparous, but not parous, women who worked in the
occupational categories: social scientists, social workers,
religious workers and lawyers; record clerks; and miscel-
laneous administrative support. Parous, but not nulli-
parous, women who were teachers, librarians and
counselors or adjusters, investigators and collectors
were at increased risk of breast cancer (OR¼ 1.3,
95% CI: 1.0, 1.7 and OR¼ 1.5, 95% CI: 0.9, 2.5,
respectively).
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For ever having worked in a specific industry, 40 of
the 49 categories (82%) had risk estimates from 0.7 to
1.4 (Table 3). Of those with an increased risk (amuse-
ment and recreation services; miscellaneous manufactur-
ing industries; general merchandise stores; justice, public
order and safety; national security and international
affairs; and electric, gas and sanitary services) all
categories except miscellaneous manufacturing industries
had significant or borderline significant breast cancer
risk estimates. An OR less than 0.7 was observed for
women who ever worked in the following industries:
local and interurban passenger transit (OR¼ 0.5, 95%
CI: 0.3, 1.1); private households (OR¼ 0.6, 95% CI: 0.4,
0.9); and rubber and miscellaneous plastic products
(OR¼ 0.6, 95% CI: 0.3, 1.4).
Several industries were associated with increased

breast cancer risk when examined by duration and
latency. The increased risk seen for having ever worked
in general merchandise stores was more pronounced in
those who did this work for less than five years
(OR¼ 1.7, 95% CI: 1.2, 2.5) than in those who did this
work for five or more years (OR¼ 1.3, 95% CI: 0.9, 2.0).
Longer latency for working in this retail industry was
associated with an increased risk of breast cancer.
Having worked in the amusement and recreation services
followed a similar pattern of association with respect to
duration and latency.

Discussion

In this investigation of job history and breast cancer risk
among young women, several occupational and indus-
trial categories were identified as influencing risk. The
available detailed job history allowed us to investigate
breast cancer risk associated with employment duration
and latency, while information on reproductive history
allowed us to examine job-related risk among parous
and nulliparous women. Occupations that influence
breast cancer risk have been identified through epidem-
iologic studies of different designs using either breast
cancer mortality or incidence as the outcome. We
restrict our discussion to investigations of incident
breast cancer, because the results of mortality studies
may not be directly comparable to our results. Further-
more, mortality may be influenced by etiologic deter-
minants as well as factors that influence survival, and
mortality studies generally lack the information needed
to control for the effects of potential confounding
(which make interpretation of those studies’ results even
more difficult and less comparable).
The relationship between occupation and breast

cancer has been thoroughly reviewed [3, 23]. Many of

the occupations and industries for which we observed
some associations with breast cancer risk have been
reported on in other studies, but because of different
coding methodology used among studies, occupational
groups are not always identically defined. Our adjusters,
investigators and collectors category includes a wide
range of occupations, for example insurance adjusters,
bill and account collectors, and customer complaint
clerks [21]. Similar to our findings, one population-
based registry study found a significant excess incidence
of breast cancer among insurance raters and claims
adjusters [24], whereas in other case–control studies no
increased risk was observed for accounting/auditing
clerks [25] or for insurance, bank and other finance
clerks [26]. No association between working in general
merchandise stores and breast cancer risk was found in a
large Canadian case–control study [26], which is in
contrast to our finding of increased risk. Our observa-
tion of decreased breast cancer risk associated with the
occupational category of writers, artists, entertainers and
athletes was consistent with the findings of two large
studies, one conducted in the Nordic countries and the
other in Canada [26, 27] but in opposition to others [24,
25, 28]. Our finding of a small increased risk for religious
workers, especially among those who started in this
occupation 10 or more years before reference date is
supported by findings in the Nordic countries [24, 27],
but not in the US [29]. The observed increased risk
found among Nordic technical/chemical/physical/bio-
logical workers [27] was in contrast to our finding of
decreased risk for technicians. As reported here and in
two other studies, ever having been a natural scientist or
mathematician was suggestive of decreased or no risk
[25, 26].
Our finding of decreased breast cancer risk for women

who had agricultural occupations is well supported in
the literature [23]. One study provided some support for
our finding of decreased breast cancer risk for women
who worked in private households [26], while another did
not [25]. Occupational physical activity has been pro-
posed to lower breast cancer risk [6] which may be an
underlying factor for the decreased risk observed for
working in private households and agricultural jobs [7].
It is difficult to speculate on the biological plausibility of
many of the other relationships because the specific
exposures linking the occupation to breast cancer risk
are not known. Also, it is possible that these are
spurious findings given the large number of comparisons
made in many occupational analyses.
As in our study, several epidemiologic studies have

identified teachers [24–26, 28, 30–32] and librarians [24,
26, 29, 31] as occupational groups at higher risk of
breast cancer, yet in other investigations, teachers were
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not found to be at increased risk [29, 33]. Although some
studies suggest that this relationship is limited to post-
menopausal women [32], we observe this association
even when our population was restricted to pre-meno-
pausal women (88.7% of total study population, data
not shown). Among parous women, teachers, librarians
and counselors were at significantly increased risk, while
among nulliparous women there was no association.
The increased risk estimates were essentially the same
for all parous women when further stratified by early
and late age at first birth (data not shown). In our study,
risk was strongest among teachers, librarians or coun-
selors who were employed in these occupations for less
than five years; increased risk associated with short job
duration may indicate that the occupational exposure is
acting as a tumor promoter. To our knowledge, we are
the first study to present risk estimates for short-term
employment in this occupational group.
Elevated occupational breast cancer risk has often

been attributed to reproductive characteristics. In the
absence of confounding, parity-specific risk estimates
would not be expected to differ from that of all women
combined. This was the case for many occupations.
Furthermore, risk may differ according to parity status.
For all women combined, natural scientists and mathe-
maticians were at a decreased risk of breast cancer,
however among parous women, no risk was observed
and among nulliparous women, the decreased risk
became stronger and statistically significant. These
stratified analyses do not provide support for the
argument that increased risk associated with various
occupations is due to uncontrolled confounding by
reproductive status. It should be kept in mind that the
majority of nulliparous women were still of childbearing
age and represented only 24% of the study population,
which resulted in small cell sizes. These findings need to
be replicated in study populations with more nulliparous
women.
Jobs held in electrically related industries such as

electrical workers, electrical engineers, electrical techni-
cians, telephone installers, and line workers may expose
women to various levels of EMFs [34], which have been
hypothesized to increase breast cancer risk [35]. Occu-
pations in other industries that may also involve
potentially elevated EMF exposures, such as telephone
operators, data entry workers, and computer operators
and programmers [34] as well as airline attendants [36].
A comprehensive review of the few existing studies of
occupational EMF and breast cancer suggests that a
relationship exists [37], although a recent case–control
study of occupational EMF exposure found little
evidence of such an association [5]. EMF exposure
could occur among several occupations reported by

women in our study, including computer and peripheral
equipment operators; communications equipment opera-
tors; and secretaries, stenographers and typists as well as
the industries electronic and other electric equipment;
electric, gas and sanitary services and air transportation.
Yet we found no substantial elevation in the risk
estimates for having ever worked in many of these
categories, except for the increased risk associated with
working as a computer and peripheral equipment operator
or in the electric, gas and sanitary services industry.
Without a measure of the actual EMF exposure, it is
difficult to draw any conclusions about the association
between this occupational exposure and breast cancer,
however our study provides only weak support for this
hypothesis. Furthermore, potential exposure to EMF
through electric blanket use was not associated with
breast cancer risk in our study population [18].
As part of this study detailed information on the three

longest held jobs as well as on established and potential
breast cancer risk factors from a large population-based
group of young women was collected and included in
these analyses. Thus it is unlikely that these risk factors
account for the observed occupation-breast cancer
associations although residual confounding remains a
possibility. The detailed information collected on job
title, usual activities or duties performed, and what the
company made or did allowed an industrial hygienist to
uniformly code both occupation and industry according
to the 1987 SIC and 1980 SOC codes, which group
occupations according to the nature of the work
performed [20, 21]. To conduct meaningful statistical
analyses, initially assigned SIC and SOC codes were
collapsed to create as distinct categories as possible with
respect to potential occupational exposures while main-
taining sufficient cell sizes.
The detailed job history enabled us to examine breast

cancer risk not only in relation to ever having worked in
a particular occupation or industry but also in relation
to duration of employment and the latency (i.e., the time
between starting a job and the reference date). This is
contrast to several previous studies that only examined
breast cancer risk in relation to the longest held or usual
job [26, 29, 32]. The use of longest held job could bias
associations toward the null since the reference group
may include women employed in the occupation for a
shorter period. Our ability to examine occupation
categorized by job duration allowed us to reduce the
likelihood of misclassification since our reference group
was restricted to women who did not report the job as
one of their three longest held.
Each job reported by a participant was represented in

the dataset by a SIC/SOC pair. Due to the number of
jobs reported, a large number of occupation/industry
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combinations resulted and it was not practical to include
both occupation and industry together in the analytic
models. Since each occupation or industry category was
examined separately, it is possible that estimates of effect
were diluted because women included in the unexposed
group may have actually had exposures from jobs they
held in other occupational or industrial categories
similar to the women in an exposed group. For example,
78.3% of the jobs assigned to the occupational category
of teacher, librarian or counselor were also assigned to
the industrial category of educational services. Yet, of
the jobs assigned to educational services, only 57.8%
were also assigned the occupation code for teacher,
librarian or counselor. The association between working
in the educational services industry and breast cancer
risk was essentially null, which may be because several
low-risk occupations, such as executive, administrative
and managerial and secretaries, stenographers and typ-
ists, also fell under this industrial category.
Several limitations traditionally associated with occu-

pational epidemiologic studies should be considered
with respect to our results. For those occupational and
industrial categories for which we observed reduced or
no risk of breast cancer, we cannot rule out the
possibility that less breast cancer may be observed in a
particular occupation or industry because women may
self-select themselves out of the jobs that involve
carcinogenic exposures. Although a wide range of
occupations and industries were reported in this study,
the number of study participants who worked in any one
job or industry tended to be small, limiting our ability to
clearly identify relationships between a particular occu-
pation (or industry) and breast cancer risk. In addition,
only information on the three longest held jobs was
ascertained, so short-term jobs that could have acute but
conceivably, adverse occupational exposures were not
necessarily accounted for in these analyses. Statistically
significant findings could be due to the large number of
comparisons that were conducted. It should be noted
that none of the study participants reported housewife
as one of their three longest held jobs, most likely due to
the design of the questionnaire’s occupational history
section. It is possible that the 24 women who reported
that they were never employed for six months or longer
were solely housewives. Since we do not have this
information, we could not conduct analyses that ex-
cluded housewives as has commonly been done in
studies of occupation and breast cancer risk [29].
Exclusion of the women who never worked did not
alter the results. The use of a single reference group of
‘occupationally unexposed’ women would ensure com-
parability of ORs and avoid possible residual confound-
ing. However, in this population, the use of a single

reference group was not possible given the small number
of women who reported never having worked more than
6 months.
Occupational exposures in relation to cancer have,

until recently, been primarily studied among men [38].
To our knowledge, we are among the first population-
based case–control studies to examine occupational
history and breast cancer risk in women 20–44 years of
age, with the ability to take a wide array of breast
cancer risk factors into consideration. Case–control
studies such as ours are essential for identifying
potential occupations and industries that put women
at increased breast cancer risk, but these studies cannot
pinpoint the particular exposures underlying the asso-
ciation. Job exposure matrices have been used in some
studies to better elucidate the occupational exposure-
breast cancer risk relationship [39, 40], and future case–
control research efforts should consider employing
advanced exposure assessment techniques [41]. To
better identify job-related breast cancer risk factors,
however, occupational cohort studies that collect de-
tailed information on exposures received at work in
addition to comprehensive information on established
and putative breast cancer risk factors need to be
undertaken.
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